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of 1.4 cm vertically, 1.6 cm longitudinally and 1 cm laterally in 
prostate cancer patients and 0.5 cm vertically or longitudinally and 
0.7 cm laterally in H&N patients. In prostate cancer patients the 98% 
of the MTS were less then 1 cm, while in H&N patients the MTS was 
less than 0.5 cm in 92% of the cases. Therefore the mean (±SD) 3D 
vector of displacement was 0.3±0.7 cm and 0,2±0,4 cm for the 
prostate and H&N group respectively. The magnitude of roll variation 
was greater in both groups (mean (±SD) of -0.5±1.2° in prostate and a 
maximal value of 3.8° and a mean (±SD) of 1.3±1,2 ° in H&N with a 
maximal value of 3.4°). The pitch variations were greater for patients 
treated to the pelvis (means (±SD) of -0.4±1.1° vs -0.1±0.8° with a 
maximal value of 2.8° vs 1.9°), while the mean (±SD) interfractional 
yaw was 0.1±0.7° in prostate and 0.0±0.6° in H&N patients. No 
correlation was observed between the magnitude of translational and 
rotational shift in either group. The procedure of online correction 
added less than one minute to the treatment time when compared to 
IGRT without robotic 6 DOF couch. The total treatment time (±SD) 
(IGRT plus delivery) was: 14.52±2.02 min., 15.26±1.52 min., 
24.53±5.47 min. for prostate RapidArc, brain RapidArc and H&N IMRT 
respectively.  
  
Conclusions: This data confirms the relevance of rotational shifts in 
prostate and H&N patients. The correlation between immobilization 
systems and the rotational shift value is not strong enough to refrain 
from implementing the robotic couch in IGRT high precision 
radiotherapy treatments. 
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Purpose/Objective: The aim of this study is to analyze the correlation 
between a shift in the center of gravity (CoG) of the prostate and 
deformation of the prostate surface in image-guided radiation therapy 
(IGRT). 
Materials and Methods: Planning computed tomography (pCT) images 
were acquired using a conventional CT simulator and weekly cone-
beam computed tomography (CBCT) images were acquired using a 
linear accelerator-mounted kilovoltage image system in the treatment 
delivery room for 10 prostate cancer patients. The prostate was 
delineated on pCT and CBCT images by a single observer. Each CBCT 
image was registered with the corresponding pCT image using rigid 
bone registration. Then, shifts in the CoG of the prostate on pCT and 
CBCT images were calculated. Next, deformation of the prostate 
surface on pCT and CBCT images were estimated by rigid image 
registration based on translation of the CoG for the prostate. Further, 
we analyzed the correlation between shifts in the CoG and 
deformation of the prostate surface. Analysis was performed using in-
house software. 
Results: In this study, no significant variations in prostate volume 
were observed. Average shifts of the CoG of the prostate (±1 standard 
deviation(SD)) were 0.1 (±0.7) mm, 1.4 (±2.7) mm, and -0.4 (±1.9) mm 
in the left-right(L-R), anteroposterior (A-P), and superoinferior (S-I) 
directions, respectively. Average amount of deformation of the 
prostate surface (±1 SD) were 0.1 (±1.7)mm, 0.0 (±2.1) mm, and 0.5 
(±1.5) mm in the L-R, A-P, and S-I directions, respectively. The largest 
deformation of the prostate surface was 13.1 mm at the tip of the 
prostate in the A-P direction. According to Spearman rank correlation 
analysis, A-P shift of the CoG of the prostate had a highly significant 
relationship with deformation of the superior-posterior region (r 
=0.81, p < 0.001), middle-anteriorregion (r = 0.80, p < 0.001), and 
middle-posterior region (r = 0.81, p < 0.001) of the prostate surface. 
However, there was no significant correlation between shift of the 
CoG of the prostate and the SD of amount of deformation of the 
prostate surface in all directions. 
 
Conclusions: We found that A-P shift of the CoG of the prostate had a 
highly significant relationship with deformation of the superior-
posterior region, middle-anterior region and middle-posterior region 
of the prostate surface. The internal margin (IM) for IGRT of the 
prostate should be taken into account for the prostate deformation. 
For reducing the IMs and using adaptive radiationtherapy for prostate 
cancer, this analysis method might be useful. 
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Purpose/Objective: To evaluate the role of a specific dietary protocol 
combined with the use of Image Guided Radiation Therapy (IGRT) in 
managing late rectal adverse effects >G2 in prostate patients treated 
with a total dose of 76 Gy delivered with 3D-CRT. 
Materials and Methods: A commercial linear accelerator Elekta 
Synergy Beam Modulator integrated with a Cone Beam Computed 
Tomography (CBCT) for IGRT was used. 20 prostate patients were told 
to follow a dietary protocol. In order to verify the daily setup of the 
patients an XVI software which co-registrates images of CBCT scan and 
CT planning scan (pCT) was employed. An off line analysis allowed to 
obtain, from the shapes of the rectum,a mean dose volume histogram 
(<DVH>) averaging the DVHs of the rectums as they appeared in every 
verification CBCT. A geometrical model of a rectum was considered 
using the rectal contours delineated on the CBCT scans and was 
referred as 'Average Rectum' (AR); the corresponding DVH referred as 
DVH_AR. In addition, we evaluated the DVHs related to the first only 5 
CBCT scans ( and DVH_AR5). To compare the dose volume histograms, 
we used the Lyman-Kutcher-Burman (LKB) model with parameters n, 
m and TD50 established by QUANTEC (Quantitative Analysis of Normal 
Tissue Effects in the Clinic) named NTCPpCT, NTCP<DVH5>, NTCP<DVH> , 
NTCPAR5 and NTCPAR. The NTCP values have been also put in 
comparison to late rectal toxicity from follow-up data. Finally, using 
gamma distributions, we have analysed all the DVHs considering 
QUANTEC dose-volume constraints more restrictive from that used in 
our institution. 
Results: No patient developed late rectal toxicity after two years of 
follow up. The Pearson correlation test on NTCP values shows a strong 
correlation except for NTCPpCT. The Wilcoxon Rank Sum test display a 
statistically significant difference (p<0.01) between the NTCP values 
except for the couple NTCPAR5 and NTCPAR such as for the couple NTCP 
and NTCP. The DVH set which gives an NTCP closer to the clinical 
results is the one extracted from the AR. Finally, from the analysis of 
gamma distributions, we found that in most of patients, the DVH of 
pCT was not within the QUANTEC constraints while DVH of AR 
respected constraints except for 1 patient and 1 constraint. An 
example of gamma distributions plots for two patients and for the 
reference dose level of 65 Gy; the red line is the value that 
corresponds to the percentage of volume established by QUANTEC 
constraints (VQ65); the green line and the blue line are the value 
corresponding to the percentage of volume of AR and pCT 
respectively. The two plots correspond to two patients that both have 
(VpCT65) higher than(VQ65) but on the right VAR65 is higher than VQ65 , as 
well, while on the left it is less than VQ65 indicating an improvement of 
the DVH during the treatment.  
S476  2nd ESTRO Forum 2013 
 
  
Conclusions:  
The use of a dietary protocol with IGRT can limit late rectal adverse 
effects. The mathematical model of AR, analyzed by using NTCP, 
turned out as the best predictor of the rectal late toxicity.  
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Purpose/Objective: Patients with non-small cell lung cancer (NSCLC) 
have poor survival rates that may be improved by dose escalation. It 
requires margin reduction in order to keep the toxicity at an 
acceptable level.The purpose of this study was to investigate (1) the 
dosimetric impact of both target motion and anatomical changes 
during radiotherapy of NSCLC and (2) the possibility of margin 
reduction. 
Materials and Methods: 16 NSCLC patients received intensity 
modulated radiotherapy (IMRT) with concomitant chemotherapy. The 
tumor and lymph node targets were delineated in the mid-ventilation 
phase of a planning 4DCT scan. The planning target volume (PTV) was 
formed from the clinical target volume(CTV) by adding margins of 
10mm in the axial plane and 13mm in the cranio-caudal (CC) 
directions. Typically, 66Gy was delivered in 33 fractions using daily 
cone-beam CT with bony anatomy match for patient setup. A second 
4DCT scan (CT2) was acquired halfway through the treatment and 
used to investigate dosimetric impact of target motion and anatomical 
changes. The tumor and lymph node targets were delineated in CT2 
and the motion of both targets was extracted as a measure for the 
intrafraction motion. Rigid bone registration was used to transfer the 
original plan to CT2 thus mimicking the patient setup procedure. The 
plan was recalculated on CT2 with and without inclusion of the 
intrafraction target motion and the resulting CTV doses were 
compared with the planned CTV dose to investigate the dosimetric 
impact of both respiratory motion and anatomical changes. To 
investigate the potential for margin reduction a set of treatment plans 
were made on the planning 4DCT scan with 5mm isotropic CTV-PTV 
margins. The same procedure i.e. dose reconstruction in CT2 with and 
without inclusion of intrafraction motion, was performed for these 
treatment plans. 
Results: Tumor and lymph node intrafraction motion was largest in 
the CC direction (1 - 11mm). The interfraction tumor shift relative to 
bones from the planning CT to CT2 was 0 - 10mm in all three 
directions. The figure compares the mean tumor CTV dose in CT2 
(with and without intrafraction motion) with the planned mean dose 
for each patient. For most patients, the changes in the CTV dose were 
caused by anatomical changes (atelectasis, pleural effusion 
andpneumonia) rather than target motion. The margin reduced 
treatment plans had similar CTV doses as the clinical plans and they 
showed also greater dosimetric impact of anatomical changes than of 
tumor motion. 
 
Conclusions: The anatomical changes had larger impact on the target 
dose distribution than internal target motion. The treatment plans 
with reduced margins had similar target dose coverage as the 
clinically applied plans, which indicate that the margins may be 
reduced. Large anatomical changes cannot be accounted for by 
increased margins, so in order to achieve better target coverage 
throughout the treatment, adaptive radiotherapy could be used. 
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Purpose/Objective: Stereotactic Radiosurgery (SRS) is a specialised 
technique designed to focus high doses of ionising radiation on a 
tumour (malignant or benign) in a single fraction which spares normal 
tissue. Accuracy of setup is paramount to ensure correct dose 
delivery, and to potentially reduce treatment margins. The Elekta 
Fraxion® immobilisation system comprises a head frame, vacuum 
occipital cushions and an optional vacuum positioned mouth bite to 
produce a reproducible patient immobilisation system. The setup 
accuracy and precision of the immobilisation system was assessed. 
This was performed using Cone Beam CT (CBCT) to assess initial setup, 
positioning after online imaging, and intra-fraction motion.  
Materials and Methods: Patients were initially immobilised at CT 
using Fraxion. An appropriately sized headrest was selected for the 
patient. The patient was the scanned and the images exported to 
Pinnacle. An isocentre was identified in Pinnacle and this exported to 
Ergo for localisation and transfer to a localiser box. Patients were 
setup for SRS using the localiser box, and imaged with CBCT before 
treatment. An online correction protocol was used, with a tolerance 
of 1mm. Where possible, patients were imaged post-treatment to 
enable an assessment of intra-fraction motion to be made. Patient 
setup errors from CBCT were used to assess the accuracy of patient 
setup, between CT and SRS. This accuracy is influenced by factors 
such as laser setup, localisation accuracy, patient setup in the shell 
and CBCT system accuracy. 
Results: An initial cohort of 25 patients was analysed. On imaging, 
20% were within the 1mm tolerance in all directions, and did not 
require moves. The remaining patients required moves in one or more 
directions, typically of less than 2mm, and were re-imaging before 
treatment. A population setup error was calculated of 1.9mm for the 
uncorrected images. The patient cohorts’ images show some skew in 
initial setup position. A systematic shift in the height of 0.9mm was 
seen, which will be fed back to influence laser setup and localisation. 
The online correction protocol was followed and a population 
systematic error of 0.8mm for the corrected images was seen. This 
error will comprise of elements such as accuracy of bed moves. Intra-
fraction motion data was used to calculate a population random error 
of 0.3mm. This error will comprise of patient motion elements and 
reproducibility of the CBCT system.  
Conclusions: Utilising CBCT, an online imaging protocol has enabled 
the identification of small systematic errors in initial patient setup in 
SRS. This data is being used to influence future patients’ setup. After 
correction using couch moves, a population systematic error of 0.8mm 
and a random error of 0.3mm were observed. This is within the 
specification laid out for stereotactic treatment at the centre. This 
data will be fed back into margins used in treatment planning. 
   
